Like the nitrate transport system, the nitrite uptake system in Neurospora crassa is induced by either nitrate or nitrite. This induction is prevented by cycloheximide, puromycin, or 6-methyl purine. The Km for nitrite of the induced nitrite uptake system is 86 1M, and the Vmax is 100 ,umol of nitrite per g (wet weight) per h. Nitrite uptake is inhibited by metabolic poisons such as arsenate, dinitrophenol, cyanide, and antimycin A. No repression or inhibition of the nitrite transport system by ammonia, nitrate, or Casamino Acids was observed.
In contrast to experiments on nitrate transport, studies of nitrite utilization in organisms have indicated that uptake of nitrite is not mediated by a transport system. Hiller and Bassham (6) indicated that nitrite enters Chlorella as undissociated nitrous acid. In barley aleurone layers, nitrite uptake is unaffected by either cycloheximide or actinomycin D (3). 2,4-Dinitrophenol and cyanide prevent nitrite transport in Chorella vulgaris (1) and Ankinstrodesmus braunii (8) . However, the inhibition of nitrite transport by these metabolic poisons was attributed to the inhibition of nitrite reduction rather than of nitrite uptake.
In Ditylum brightwellii, separate transport systems for nitrate and nitrite are indicated since nitrate lowers the rate of nitrite uptake whereas nitrite has no effect on nitrate transport (2) . In addition, p-chloromercuribenzoate blocks nitrate uptake but not nitrite transport, whereas 3-(3, 4-dichlorophenyl)-1, 1-dimethylurea and cyanide prevent nitrite uptake but have no effect on nitrate transport. This paper reports on the mechanism of nitrite transport in Neurospora. The results indicate that separate transport systems exist for the transport of nitrate and nitrite.
MATERIALS AND METHODS
Strains and growth conditions. Neurospora crassa wild-type strain 74A was grown as described earlier (11) . The nitrogen sources used for induction experiments included NH4Cl (40 mM), NaNO3 (20 mM), NaNO2 (10 mM), Casamino Acids digest (5 g/liter), and NH4NO2 (10 mM assayed as directed by Garrett (4) . Protein was measured by the biuret method (9) . Specific activity is expressed as activity units per milligram of protein.
Other assays. Nitrate determination was performed by the chemical reduction of nitrate to nitrite, employing the cadmium-copper reduction method (14) . Nitrite, ammonia, and amino acids were measured as described previously (11) .
Measurement of nitrite transport system. The activity of the nitrite transport system was measured by following the disappearance of nitrite from the medium. Mycelia were placed in 100 ml of fresh Fries medium containing 10 mM NaNO2. After 
RESULTS
Induction of the nitrite uptake system. The kinetics of induction of nitrite transport system after the transfer of ammonia-grown mycelia to a medium containing different nitrogen sources is shown in Fig. 1 . The activity of the nitrite transport system is detectable in mycelia grown on either nitrate or nitrite after 1 h, reaches its maximal level after 6 h, and remains constant. The decreased rate of nitrite uptake in nitritegrown mycelia at h 12 is due to exhaustion of nitrite from the growth media. Ammonia-or Casamino Acids-grown mycelia possess essentially no nitrite uptake activity. Mycelia grown in the absence of a nitrogen source have no nitrite uptake ability, indicating that the nitrite uptake system is not derepressible.
The effect of inhibitors of ribonucleic acid (RNA) and protein synthesis on the induction of the nitrite transport system is shown in Table 1 . 6-Methyl purine and actinomycin D, inhibitors of RNA synthesis, restrict the appearance of the nitrite uptake system. Inhibitors of protein synthesis, cycloheximide and puromycin, also prevent this induction and do so to a slightly greater extent than the inhibitors of RNA synthesis. Mycelia exposed for 3 h to actinomycin D are inhibited in their nitrite uptake activity by only 10%. After an additional 3 h of incuba- tion in actinomycin D, mycelia did not transport any more nitrite. The lack of inhibition by actinomycin D on the induction of the nitrite transport system before 3 h may be attributed to poor penetration of this inhibitor into the mycelia (11, 12) .
Kinetics of nitrite uptake. The rate of the inducible nitrite uptake system in mycelia at different extemal concentrations of nitrite is shown in Fig. 2 in mycelia grown in nitrite media supplemented with various other nitrogen compounds to determine the effect of these substances on nitrite uptake (Table 2) . Ammonia, Casamino Acids, and nitrate have no effect on the activity of the nitrite transport system. In contrast, the synthesis of both the nitrate reductase and the nitrite reductase is repressed by ammonia or Casamino Acids. The nitrate reductase is more sensitive to this repression. The nitrite uptake system, the NADPHnitrate reductase, and the NADPH-nitrite reductase activities are undetectable in mycelia grown in ammonium chloride. Upon the exposure of mycelia to nitrite, all three activities began to increase before an appreciable amount of nitrite (10 gmol/g [wet weight]) has been assimilated from the medium. The nitrite uptake system and the nitrite reductase activities attain a maximal value at h 6 and remain constant as long as nitrite is present. The nitrate reductase, however, after reaching a peak of activity at h 3, exhibits its typical rapid decline (4), although the mycelia still assimilate nitrite.
Inhibition of the induced nitrite uptake system. Various nitrogen compounds were tested to determine their effect on the activity of the induced nitrite uptake system. Table 3 shows that neither nitrate, ammonia, nor Casamino Acids inhibit the rate of nitrite uptake. No inhibition of the nitrite uptake system by individual amino acids at a final concentration of 1 a Ammonium chloride-grown mycelia were harvested, washed, and exposed to media containing the indicated nitrogen sources. At the various times, mycelia were collected, weighed, and used to prepare crude extracts. The amount of nitrite remaining in the media was measured, and from the extent of nitrite uptake a rate of uptake for the time period was calculated. Nitrate and nitrite reductase activities were determined in the mycelial extracts. mM could be demonstrated (data not shown). The concentration of nitrite employed in this experiment was 0.1 mM, a concentration which is below saturating levels.
Relation between nitrite uptake and energy production. The influence of metabolic poisons on the rate of induced nitrite uptake was examined to determine whether nitrite transport is an energy-dependent process. Metabolic inhibitors, such as 2, 4-dinitrophenol, cyanide, arsenate, and antimycin A, cause a progressive decrease in the rate of nitrite transport ( Table 4 ). The action of these inhibitors appears to be reversible since, after removal of the inhibitors by successive washings after 1 h of incubation, the rate of nitrite uptake is restored to levels found in an untreated control (data not shown). a Mycelia induced for 5 h in nitrite medium were transferred to media (100 ml) containing 10 mM sodium nitrite plus fixed amounts of the indicated inhibitors. At various times, mycelia were harvested and weighed, and the amount of nitrite remaining in the medium was determined. The rate of nitrite uptake for the time period was calculated from the extent of uptake.
Cyanide and 2, 4-dinitrophenol inhibit the nitrite reductase in a variety of organisms (5, 7, 10, 15) . In in vitro assays with a partially purified preparation of Neurospora nitrite reductase (M. A. Lafferty and R. H. Garrett, Abstr. Annu. Meet. Amer. Soc. Microbiol., p. 194, 1973), arsenate or antimycin A at concentrations comparable to those used in the previous experiment does not inhibit nitrite reduction (Table 5) . 2, 4-Dinitrophenol exerts a slight inhibition whereas cyanide totally abolishes nitrite reductase activity. DISCUSSION Neurospora transports nitrite by a specific system which, like its nitrate uptake system (11) , is inducible by either nitrate or nitrite (Fig. 1) . The loss of nitrite uptake activity upon exhaustion of nitrite from the medium indicates that the nitrite transport is not under depressible control (Fig. 1) . Further evidence demonstrates that, unlike the nitrate transport system (11), the nitrite uptake system is not repressed or inhibited by other nitrogen compounds such as ammonia or Casamino Acids (Tables 2 and 3 ).
The nitrite uptake system possesses two properties displayed by an active transport system. The transport of nitrite exhibits saturation kinetics, with a Km of 86 ,M (Fig. 2) , and is dependent upon energy production since arsenate and antimycin A prevented nitrite transport (Table 4) . However, concentration of nitrite against an electrochemical gradient could not be demonstrated since no suitable means of inhibiting the nitrite reductase in vivo were (5, 7, 10, 15) ; these two substances could prevent nitrite uptake by inhibiting nitrite reduction. Arsenate inhibits nitrite reduction in Anabaena cylindrica only at a high concentration (50 mM) (5). However, the inhibition of nitrite uptake in N. crassa by these metabolic poisons does not appear to be due to inhibition of nitrite reduction since antimycin A, which prevents nitrite uptake, does not inhibit the nitrite reductase activity in vitro (Tables 4 and 5 ). Furthermore, arsenate at the concentration used to inhibit nitrite uptake is without effect on nitrite reduction.
The time courses of induction of the nitrite reductase and nitrite uptake system are similar, indicating that perhaps both activities are catalyzed by the same protein (Table 2) . However, the differential effects of inhibitors of RNA and protein synthesis on the activities of the nitrite reductase and of the nitrite transport system seem to indicate that more than one protein is involved. 6-Methyl purine, puromycin, and cycloheximide all appear to reduce total nitrite uptake less than nitrite reductase synthesis (Table 1) . Furthermore, the observation that ammonia and Casamino Acids repress the nitrite reductase while having no effect on nitrite uptake supports the hypothesis that separate systems are involved in the transport and the reduction of nitrite (Table 2) .
Nitrate does not inhibit nitrite uptake (Table  3) . However, nitrite is a non-competitive inhibitor of the nitrate uptake system (11). These results suggest that the transport systems involved in nitrate and nitrite uptake are distinct entities. This possibility is supported by the fact that Casamino Acids repress the nitrate transport system (11) but have no effect on the nitrite uptake system. Therefore, it can be concluded that nitrite is not transported by the nitrate uptake system since Casamino Acids, a repressor of the nitrate uptake system, do not lower the rate of nitrite disappearance from nitrite medium. Furthermore, nitrate is not taken up by the nitrite transport system since no nitrate uptake occurs in the presence of Casamino Acids (11) although the nitrite transport system is present. Thus, the two transport systems are quite specific for their substrates: one for nitrate, the other for nitrite. This specificity for substrate is greater than the specificity of genetic control since both uptake systems are induced by either nitrate or nitrite.
